It has been shown previously that the de Sitter-Gödel-de Sitter phase transition[1] could possibly cause some induced inhomogeneities due to repulsive Casimir force in Gödel phase. The induced inhomogeneities and the corresponding power spectrum is studied here. It is shown that the result is quite acceptable to some extend, both in shape and in magnitude. arXiv:1810.00423v1 [gr-qc] 30 Sep 2018
Introduction
The origin of rotation at large scales is an open question in cosmology and there is no ultimate answer for it. One possible conjecture by Gamow [2] is that maybe the whole universe rotates. Gamow's conjecture had been followed both in experimental and theoretical points of view. In observational data, except for some upper limits, there is no certain evidence that our Universe rotates [3] . Theoretically, global rotation leads to closed time-like curves and no one is aware of a rotating metric which does not violate causality. Gödel rotating universe, is a confirmation of a rotating universe, but its casual properties prevents a cosmological model based on Gödel geometry. However Gödel universe is not a realistic model of the universe, its rotating property has been used Quantum mechanically in de-Sitter-Gödel-de-Sitter phase transition[deGde] which might be a Possible scenario to explain the origin of rotation and related objects [1] . In the absence of a complete theory, deGde phase transition [1] is established using Quantum field theory in curved space-time and at finite temperature that means that matter fields are considered quantized at the universal temperature and in the classical curved space-time background.
deGde phase transition can be demonstrated as a geometry changing due to changes of a scalar field as matter. Using the Einstein field equations, considering matter as a scalar field and living in a curved background, the minimum of the effective potential plays the role of a cosmological constant, when Kinetic energy terms are negligible. This has been used to model a geometry change from de-Sitter to Gödel space-time for a scalar field. After phase transition from de Sitter to Gödel, the shape of the effective potential is such that it can go back to a de Sitter geometry through a slow roll process. It takes place in a way that the rotation feature of Gödel space-time is induced on the path of a massive test particle. Simulations show that the global value of induced rotation agrees well with the observational limits [5] .
The rotation of the universe can be understood with the vorticity, which is a local property. Vorticity is considered as the rotation of some fixed axes in matter relative to some gyroscope as the inertial axes and this is exactly what measured by an observer living in the Gödel geometry. Hence investigating the local properties of deGde phase transition is worthwhile.
By computing the Casimir force in Gödel space-time, the local effects of deGde phase transition was recently studied in [6] . It has been shown that the Casimir force in Gödel geometry can be repulsive, and since the phase transition happens randomly, rotation axis of matter is randomly distributed at different points. the random Casimir force could be in principle a possible seed of anisotropies. Therefore a more detailed study of deGde induced inhomogeneities should be discussed.
Since Cosmic microwave background radiation (CMB), a nearly uniform sea of residual photons, is the most powerful imprint of Big Bang, any model predicting properties of the early universe have to agree with its results. Small temperature variations of background radiation must have been started in the early universe. Analysis of inhomogeneities would provide a better understanding of large-scale structure in the universe. Here we try to investigate the observational properties of induced deGde inhomogeneities and compute the resulting power spectrum figures.
The outline of the paper is as follows: Some important features of deGde phase transition and its global and local properties is reviewed in the next section. Section 3 belongs to the cosmological perturbations and the simulation of the deGde induced inhomogeneities and then the results are investigated.
deGde phase transition, global and local features
Let's first review quickly the deGde(de Sitter-Gödel-de Sitter) phase transition [1] . deGde phase transition is actually a second order phase transition with the order parameter φ and critical exponents
In the first phase (i.e. de-Sitter), the effective potential acts as a positive cosmological constant which is much larger than the dust density. The phase transition occurs when the temperature reaches its critical value and the effective potential plays the role of a negative cosmological constant which must be −ρ dust /2 to have the Gödel metric. Then the scalar field slow rolls so that the universe finally goes to another de Sitter phase. This scenario is shown in figure (1) as mentioned in [1] . Since the phase transition takes place locally and quantum mechanically, Gödel strange properties like the presence of closed time-like curves are not disturbing anymore.
The scenario is that a quantum scalar field which could live at the end of inflation and in a de-Sitter space-time, experiences a rotating geometry for an enough short timet φ φ σ √ λΛ via quantum tunneling. Any scalar field at different points of space, would experience the phase transition with some tunneling probability or not.
Observable results of the phase transition are translated in the equations of motion of a test particle. During the deGde phase transition, a non rotating test particle living in a de-Sitter space time, leaves the Gödel phase while it is rotating. The amount of induced rotation is given by
where Ξ 0 = √ 2 1 − r 2 3 /a 2 /r 3 and ξ 2 = Ωr 2 / √ 2 is the normalized distance from the Gödel axis of rotation and
It is shown in [1] that the rotation profile depends on the position of test particle in the de Sitter phase, its distance from the Gödel axis of symmetry and its initial velocity and is of order √ Λ. The induced rotation of local and global congruences of particles, can be investigated for 1000 adjacent cells each with 1.5 × 10 5 particles, using numerical simulation the average value of Ξ Ξ 0 is ∼ 0.0045 with the standard deviation ∼ 0.3312 which gives a value of ∼ 0.0045Λc and compared to the observational limit is quite acceptable [5] .
One possible effect of the local deGde phase transition is the presence of the Casimir effect in the middle phase. It is observed in [6] that when two parallel plates have a comparable separation with the scale of Gödel rotation, the Casimir force is repulsive and approaches to zero as distance increases, otherwise it is attractive. Since the rotation axis of Gödel phase is directed randomly in different local places, the collective behavior would induce some inhomogeneity which is observable. In fact, after deGde phase transition, local layers of matter would be shrink in a perpendicular direction to Gödel rotation axis in an inhomogeneous way.
The Casimir energy of a scalar field in Gödel background and at finite temperature is computed in [6] and it is in summary as follows
whereĒ
β = βα,d = αd,m = m α ,Ē = E/α are dimensionless quantities, and the he finite temperature part is
The Casimir force, then would be achieved by differentiating Casimir Energy with respect to d as
Some straightforward calculations is needed to yield the Casimir force expression but to have the most effective part of the series we put n 1 = n 2 = n 3 = n 4 = 1. Then the Casimir force dependents ond as follows
and writing everything in terms of α gives
Since the small rotations have been assumed, the force would simply behaves as F Casimir 1 βd 2 (11) This is the asymptotic behaviour of the force. Its general behaviour can be plotted numerically as is done in [6] and the result is shown in figure (2) . It is interesting to note that as the distance decreases, the force decreases and eventually goes attractive. A rough estimation shows with temperature between 10 26• K and 10 30• K and density between 10 −23 kg m 3 and 10 −26 kg m 3 , density perturbations are between 10 −6 and 10 −5 [6] . Now it is the time to zoom out and see the imprint of deGde induced rotation on the observational maps. In the next section we investigate the imprint of deGde induced rotation on the observational data, using a simulation of the mentioned scenario.
DeGde induced inhomogeneities
Through the reheating process and then after, via expansion and cooling, the universe were affected by lots of different energy scale physical processes. At about 380, 000 years after BigBang, universe were cool enough to reveal photons and let them travel afterwards. These are the most important accessible imprint of the history beyond our universe called Cosmic Microwave Radiation.
The cosmic background radiation is almost homogeneous [7] . However,as detected by COBE satellite [8] , it has some small inhomogeneities of the order of 10 −5 which is the reason of structure formation. These perturbations are seeded by adiabatic perturbations during the inflation era. Spatial fluctuations pattern is expressed by power spectrum and gives valued information about the universe [9] , [10] . It is assumed in the standard model of cosmology that all structures in the universe grew from small perturbations which in fact are quantum fluctuations in the inflation era.
The study of primordial inhomogeneities and CMB anisotropies is of great importance in cosmology. CMB anisotropies depends on the initial conditions of the fluctuations and this is the starting point to explain any structure formation in the universe. Simply saying when matter density is high in some regions, it would be accumulated and no matter how small is the initial over-density, attraction of matter occurs and if the center gravity wins the pressure, the over-density would grow by time evolution and forms the structure. The following schematic explains the story clearly [9] δ + [Pressure − Gravity]δ = 0 This tells us that δ grows exponentially if the pressure is low and otherwise it would oscillate with time. One needs to know the behavior of matter perturbations to work properly with the anisotropies. When a δ is born in the early universe it will grow and experience different stages of evolution such as matter and radiation dominated eras. The evolution of Fourier transformation of spatial fluctuations is what is tangible for cosmologists known as the power spectrum. Any wavelength of fluctuations in the early universe would go through a different growing process due to which Hubble horizon it enters and so naturally three stages of horizon entering should be considered. Also Boltzmann equations and numerical dirty calculations should be done for baryons, neutrino, photon and different type of particles contributions. All of these can be achieved by introducing a transfer function T (k), mapping the initial seed of perturbations to the evolved one and then the evolution of perturbations through the horizon crossing and radiation/matter transition can be summarized in the transfer function. Usually it is assumed that the stochastic quantum behavior of quanta fields is the source of the initial fluctuations.
Considering deGde phase transition, and since it is assumed that deGde phase transition occurs during the ending period of inflation era, induced inhomogeneities could possibly have contribution to the inhomogeneities in the cosmic microwave background radiation. In order to investigate the claim, a computer simulation is presented in what follows.
Simulation and results
As mentioned before, during the Gödel phase the adjacent layers of matter experience a Casimir force which is sensible to the direction of Gödel rotation axis and this can produce some inhomogeneities. Here we want to obtain the power spectrum of these inhomogeneities. The following procedure explains a Fortran programming to simulate inhomogeneities:
Assume the whole universe as a 3D lattice, separated into 50 × 50 × 50 cells. Each cell is determined with its center coordinates. Rotation axis in each cell is directed randomly as shown in figure (3) . We suppose that each cube cell with length, width and height d, would shrink a relative amount of δ in the (random) z-direction in the timet (introduced in the previous section) during the Gödel phase. Depending on the time living in the Gödel phase (i.e.t) and the maximum value of the Casimir force given by equation (11) the value of δ could be something between 10 −10 -10 −7 (see [6] ). When a cube rotates, its volume has some correlation with neighbors. Since density variations is proportional to volume variations, generating normal random angles, the total average density variation of the lattice can be established with several times of repetition of the process. Here we have presented 100 times of repetition. The result is a matrix of local average density variations ∆( x) = δρ ρ ( x). Exactly like standard procedures to compute power spectrum of cosmological perturbations, some statistical considerations are needed to get a comparable result. The correlation function of the predicted primordial density
It is often easier to work with the Fourier transform
The power spectrum of the density field ∆( x) is then obtained from
and
As mentioned before, the density field should be modified by a variety of physical processes such as growth under self-gravitation, the effect of pressure and dissipative processes all summarized in the transfer function [10] . Hence a standard transfer function T (k) is needed to be multiplied to the primordial power spectrum. Therefore the power spectrum is given by
where T (k) is given by [10] T (k) ln [ 
and k = √ 2q/q EQ . The exit wave number at radiation-matter equality time is q EQ Ω M h 2 /13.6Mpc and Ω M is the matter density parameter, H = h × 100Km/secMpc.
Using the simulated results of equation (12) and the above relations, eventually we have the amount of deGde contribution to the power spectrum as figure(4) for δ = 10 −7 . Another result with δ = 10 −10 is also presented in figure (5) . Since the power spectrum has dimensions of [length] 3 it is usually expressed as a dimensionless function by multiplying some factors. Note that q is the co-moving wave number which is related to the physical wave number k via k = q/a. The scale factor is defined such that a = 1 at the present time.
Comparison of figures (4) and (5) with the standard power spectrum result [10] which is the measurement of the power spectral function by the Sloan Digital Sky Survey, gives a comparable result and the improved power spectrum as in figure (6) . It should be noted here that error bars are very small and are not visible in the figure but they exist. It can be seen that the contribution of the Casimir force of the Gödel phase in deGde phase transition scenario, to the power spectrum is up to 10 percent of the observed value. 
Conclusion
The de Sitter-Gödel-de Sitter phase transition which could be a model of the origin of rotation in the study of the history of the universe is reviewed [1, 6] . The scenario is such that during the cooling of the universe, a scalar field living on a curved background experiences a phase transition from de Sitter geometry to Gödel which has rotating features and then after a small timet goes to de Sitter phase again and this would induce some rotation into the paths of test particles.
On the other hand, we have seen in our previous work [6] that if such a quantum phase transition have been happened at the end of inflation, a Casimir force in the Gödel phase could concentrate the matter plates of the order of 10 −7 or less and its precise value depends on thet. Since the shrinking of matter plates happens locally and is dependent on the quantum probability and the value oft, some inhomogeneities would be induced. In principle, if such an event had been occurred, it should be a seed of primordial inhomogeneities and have some detectable imprints on the CMB.
Here we have presented a simulation to compute the power spectrum of the induced inhomogeneities. Using a Fortran program and Python, the power spectrum coming from the deGde phase transition for two values of δ = 10 −7 and δ = 10 −10 has been presented. As it can be seen from figure (6) , the effects of cassimir force in the Gödel phase can produce up to 10 precent of the observed power spectrum [11] . It also should be noted that for large wave numbers (i.e. small distances), the Casimir force contribution to the power spectrum is small. This is exactly what is expected, because of the fact that as we observed previously, decreasing the distance, the Casimir force goes to zero and then behaves attractive. 
